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Mcro- relief surfaces including grating structures, 
gr eyt one/ rri cr ogr aphi c features and rricrorarrps have been fabricated with 
depth features of up t o 30 rrum Gr ey scale lithography has been used to 
pr oduce t he rri cr ost r uct ur es by a si ngl e UV exposur e i nt o a I ayer of t hi ck 
resist. Arrays of the pi xel at ed rri cr ost r uct ur es have formed the security 
features on the surface of optically variable devices . Each of the 
rri crost r uct ur es was designed to provide an intended optical effect in 
features such as portraits, symbols and lettering which corrprised a larger 
image (typically 2.5 x 3 cm). An essential part of the process has been the 
det er rri nat i on of t he opt i rrum condi t i ons f or coat i ng of t he t hi ck r esi st ( AZ 
P4620) as a function of spin speed and exposure. 
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We have st udi ed t he use of achrorrat i c f eat ur es i n Cpt i cal I y Var i abl e 
Devices (CVDs) for document security applications. We present various 
f or rrs of matt structures as we have i rrpl ement ed t hem i n CVD designs. By 
tailoring the scattering characteristics of the surface relief , we have 
created CVDs which appear in various intensities of white or gray, and 
whose brightness can vary as the viewing conditions are changed. 
Furthermore, we have realized surface reliefs which appear bright and 
colorless when viewed within a predetermned solid angle and appear dark in 
all other viewing directions. The gratings appear bright and colorless when 
viewed from one side of the grating normal; however, when these gratings 
are rotated by 180 degrees in their plane, the gratings appear dark. We 
wi I I show gr at i ngs of t hi s t ype, wher e t he surf ace r el i ef s have been 
engineered so that the bright and colorless appearance covers an enlarged 
sol i d angl e. 
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We present the results of the application of zero-order diffraction 
gratings for optically variable devices ( CVD ' s) for document 
security . Zero-order gratings have periods which are smaller than the 
wavelength of light; to describe accurately the optical properties of the 
zero-order gratings, we have applied rigorous electromagnetic theory, which 
we have compared to experimental measurements. We studied the dif tractive 
behavior of zero-order gratings both in the case where the gratings are 
homogenous and where the profile depth of the zero-order grating varies 
locally in a predetermned manner. In the latter case, the resulting 
surf ace pr of i I e can exhi bi t var i at i ons in t he di f f r act i on pr oper t i es, f or 



exarrpl e, a noire pattern. Furthermore, we have developed dif tractive 
surface -reliefs which are a corrbi nat i on of a high-frequency, zero-order 
grating with large-period gratings; the addition of the zero-order grating 
to a large-period grating results in a surface relief with novel 
di f f r act i ve pr oper t i es. 
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Holograms have been utilized to authenticate financial instruments and 
high value products for many years. The security provided by embossed 
holograms is limited by their low surface relief , typically 0.25 
mi cr on, whi ch makes t hem suscept i bl e to count er f ei t i ng: st r i ppi ng t he 
hologram from the substrate exposes the complete holographic 
mi crost r uct ur e which can be easily used to create counterfeit tooling. A 
large improvement in counterfeit deterrence can be gained by the use of 
high precision non- holographic microoptics and rri cr ost r uct ur es having a 
surf ace r el i ef gr eat er t han a f ew rri crons. An unl i rri t ed r ange of 
di st i net i ve opt i cal ef f ect s can be obt ai ned f rom rri cro- opt i c syst errs. Many 
of the possible optical effects, such as optical interactions between 
discrete elements, cannot be effectively simulated by any other rreans, 
including holography . Wfe present descriptions of five Visual Physics 
docurrent authentication micro-optic syst errs that provide sophisticated 
optical effects: Virtual Image(TM), BackLi t e( TM) , Encloak(TM), Cpt i cal 
Black(TM), and Structural Color(TM). Visual Physics document authentication 
rri cro- optics i rrpose an additional level of counterfeit deterrence because 
the production of polymer f i I rrs incorporating these rri cr ost r uct ur es 
requires unconventional manufacturing methods; conventional holographic 
reproduction processes, typical of hologram counterfeiting operations, 
ar e i nadequat e to faithfully r epr oduce t he det ai I s and t he f unct i on of 
these rri cro- optic elerrents. We have devel oped mastering, tooling, and high 
pr eci si on/ hi gh speed manufacturing processes that can faithfully replicate 
these corrpl ex surface relief rri cro- opt i cs at I ow cost . 
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The pr esent paper i s concer ned wi t h t he i nvest i gat i on of i magi ng 
properties of As-S-Se media in application for fabrication of holographic 
optical security elements. Structural changes in such media under the 
influence of external factors (exposure or annealing) were studied. 
Photo- and thermally induced structural changes were directly confirmed by 
Raman scattering measurements. Surface relief formation properties were 
i nvest i gat ed wi t h t he hel p of i rrproved am ne based sol vent s, whi ch provi ded 
good surface quality. Various types of holographic security elements 
( HSE) were fabricated and their properties studied. Fabricated surface 
relief provided high values of diffraction efficiency. For exarrpl e, 
diffraction efficiency of such elements as holographic diffraction 
gratings consisted up to 60- 70% i n non- pol ar i zed light. High quality 
pol ymer copi es of the i ni t i al HSE wer e obt ai ned. 
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We demonstrate the use of dif tractive surface -relief pr of i I es f or t he 
machine verification of official documents. The rri cr ost r uct ur es are 
engineered to yield a prescribed intensity distribution of the diffracted 

light which can be measured to insure unarrbi guous verification and 
aut hent i cat i on. We have devel oped a pal et t e of rrachi ne- ver i f i abl e f eat ur es, 
of f er i ng var i ous capaci t i es of i nf or mat i on, r angi ng f r om a f eat ur e whi ch is 
easi I y ver i f i ed t h rough vi sual i nspect i on usi ng a speci al ai d, t o a f eat ur e 
capable of representing hundreds of bi t s of i nf or mat i on i n a read-only 
di f f r act i ve opt i cal merror y. The pr oposed f eat ur es whi ch we wi I I pr esent 
here are the hi dden- i nf or mat i on features, the diffractive area code and the 
dif tractive linear code. For each of the three proposed features, we 
present prototype systems demonst r at i ng the use of rrachi ne- ver i f i abl e 
diffractive optical features incorporated into optically variable 
devices (CVDs) for document security . Specially engineered diffractive 
structures are used which are extremely resilient against counterfeit, 
r eor i gi nat i on or i rri t at i on. The rrachi ne- r eadabl e f eat ur e is corrbi ned wi t h a 
visual security device, such as the products known under the tradename 

ki negram; R) . 
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Holoprismis a holographic product in which the metallized surface 
di f f r act s I i ght i nt o dazzl i ng r ai nbow of col or s to cr eat e a choi ce of 
unique effects for designers and printers. Inorder to depict printing on 
Holoprism opaque white ink and four color processes are used with 70s and 
80s retro style images. The process creates a bright or subtle image as 
required. Tags, labels, packaging, games and security items are 
applications of Holoprism 
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V\e wi I I show var i ous di f f r act i ve f eat ur es whi ch ar e easy t o ver i f y and 
highly secure against attenpts to counterfeit. These features are based 
on engineered surface relief structures which al I ow one to tailor the 
diffraction properties to obtain the desired effects. The security is 
based on corrpl ex diffraction structures rather than on corrpl ex image 
cont ent , al I owl ng t he r eal i sat i on of r el at i ve si rrpl e f eat ur e desi gns, whi ch 
are favourable from an ergonorric point of view. The unique properties of 
the engineered diffraction structures can be visualised, if an appropriate 
reference is provided, against which the observer can compare. We follow 
t he i dea t hat t he opt i cal ef f ect s in a wel I desi gned secur i t y f eat ur e 
rrust be interdependent i n t he sense of coherence or sel f - r ef er enci ng. 
Var i ous exarrpl es ar e pr esent ed, showi ng uni que sel f - r ef er enci ng f i r st - 1 i ne 
security features for docurrent applications, which are clearly 
recognisable and easy to corrrruni cat e. The presented effects are resilient 
against at t errpt s to counterfeit by holographic techniques. 
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The t er m ' corrput er generated hologram' ( CGH) describes a dif tractive 
structure strictly calculated and recorded to diffract light in a 
desired way. The CGH surface profile is a result of the wavefront 
cal cul at i on r at her t han of i nt er f er ence. CGHs are able to form 2D and 3D 
images. Optically variable devices (CVDs) composed of dif tractive 
gratings are often used in security applications. There are various types 
of optically and digitally recorded gratings in security applications. 
Gr at i ng based CVDs ar e used t o r ecor d br i ght 2D i mages wi t h I i rri t ed r ange 
of cinematic effects. These effects result from various orientations or 
densities of recorded gratings. It is difficult to record high quality CVDs 
of 3D objects using gratings. Stereograms and analogue rainbow holograms 
of f er 3D i magi ng, but t hey ar e dar ker and have I ower r esol ut i on t han 
gr at i ng CVDs. CGH based CVDs cont ai ns unl i rri t ed r ange of ci nerrat i c ef f ect s 
and hi gh qual i ty 3D i mages. I mages recorded usi ng CGHs are usual I y more 
noisy than grating based CVDs, because of numerical inaccuracies in CGH 
cal cul at i on and mast er i ng. CGH based CVDs enabl e srroot h i nt egr at i on of 
hidden and rrachi ne- r eadabl e features within an CVD design. 
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The success of applications involving holographic optical elements 
depends on the performance of the recording materials used to f or m t he 
elements. Selection criteria of a recording material mist include not only 
the usual optical considerations such as achievable diffraction efficiency 
and optical quality, but also the environmental stability and the ease and 
cost of manufacture of the elements. Three materials are in widespread use 
and development for holographic optics applications: dichromated gelatin, 
phot opol ymer , and photoresist. Dichromated gelatin forms very high-quality 
holograms , but i s r el at i vel y di f f i cul t to produce and mist be protected 
f rom moi st ure. Dichromated gelatin holograms are in use as head- up 



di spl ay corrbi ner s, nar r owband f i I t er s, and di f f r act i on gr at i ngs. 
Phot opol yrrer i s gener al I y easi er t o use, t ypi cal I y does not r equi r e wet 
processing, and usually has good environmental stability. Phot opol yrrer 
holograms are in use or under development for several applications 
including laser eye protection filters, automotive lighting devices, and 
security holograms . Photoresist forrrs surface relief holograms 
that can be replicated by epoxy or, for large production runs, by errbossi ng 
techniques. Photoresist holograms are used as diffraction gratings for 
scientific applications, as patterns for fabrication of photonic devices, 
and as master holograms for security applications such as credit card 
hoi ograms . 
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A corrbi nat i on gr at i ng i s t he di f f r act i ve rel i ef st r uct ur e r esul t i ng 
from the superposition of at least two gratings. For the case of two 
combined gratings, whose individual profiles are described by function f 
SUB 1 and f SUB 2, t he r esul t ant surf ace rel i ef prof i I e i s descr i bed by 
f SUB 1 + f SUB 2. Typical exarrpl es are crossed gratings. Experimental and 
theoretical results for different corrbi nat i on gratings are presented, 
including exarrpl es which cannot be produced using standard holographic or 
ruling t echni ques. The appl i cat i ons i ncl ude di f f r act i ve opt i cal var i abl e 

devices , which are applied to documents as visual high- security 
features. 
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Abstract: Sinusoidal gratings of locally varying profile depth are 

i ncor por at ed i nt o di f f r act i ve opt i cal I y var i abl e i mage devi ces ( DCVI Ds) 
for docurrent security . The variation in profile depth is tailored to 
specific visual effects that can be readily authenticated. Wii I e the 
diffractive characteristics of these gratings depend very sensitively 
on the depth, the security of these DCVI Ds is inherent to the 
diffractive structures insofar as the exact reconstruction of the 
original profile is required for the realization of the original visual 
effects. Sinusoidal gratings of locally varying profile depth are very 
resistant against copying by standard holographic techniques since 
t hese t echni ques ar e shown t o I ead t o a I oss of f i del i t y in pr of i I e 
form or depth. ( C) 1999 Society of Phot o- Cpt i cal I nst r urrent at i on 
Engi neers. [ S0091 - 3286( 99) 001 01 - 4] . 
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Docurrent type: Conference paper Language: English 
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ABSTRACT: 

The authors demonstrate the use of diffractive optical rrerror i es for 
official docurrent s, such as rrachi ne- r eadabl e identity or fiduciary papers. 
Through engineering of the diffractive ni cr o- st r uct ur es, the direction and 
intensity distribution of the diffracted light can be tailored to 
optical rrerror i es for high security , uniqueness and unarrbi guous 




verification. The proposed optical memory i s of the V\CRM t ype, that is, 
write-once, r ead- many times. In order to write in the optical memory, the 
diffractive structure is changed irreversibly through the interaction of 
the diffractive surface wi t h a beam of laser light. The authors 
demonstrate optical memories based on diffractive structures with a memory 
capaci t y of up to 100 kBi t s/ cm ( exp 2) whi ch ar e appropr i at e f or use in 
securing official documents. 
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ABSTRACT: 

Optically Variable Devices ( CVDs) are relatively new security 

features which are currently finding widespread application on a variety of 

security documents as a means of protection against counterfeiting. The 
OVD is in general a corrpl ex optical recording and the commonest form seen 
today is based on the presence of optically diffracting features, which are 
manufctured using embossing technology. This presentation will deal with 
one particular type of security product - a transparent or 
serri - 1 r anspar ent document overlay which may include an OVD combined both 
with UV- f I uor escent or other special links, and may also include 
individualised information applied by I aser - engr avi ng technology. The main 
applications lie in the field of paper- based security documents such as 
passports, visas, driver's licences and ID cards . 
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Document Type: Conference Publication 
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Pira Subfiles: Packaging ( PK) ; Printing and Publishing ( PP) ; Printing 
Abstracts ( PT) 

Journal Announcement: 0304 

Abstract: The fact that holograms are open to counterfeiting is 



indisputable. Ivbst visual security f eat ur es ar e vul ner abl e t o count er f ei t 
and surface relief copying and contact copying are a threat for many 
applications. Cne of the new ai rrs in security holography i s t he move 
from a single level device to a rail t i I evel security and authentication 
system The E- Direct vector -based electron beam or i gi nat i on syst em i s a new 
proprietary system developed by Opt agl i o, UK. This flexible topology 
direct-write system has a resolution of 254,000dpi, continuous forensic 
nanographics and "fingerprint" structure topology. Future devel oprrent s in 
security holography will include restricted proliferation origination 
technology, high resolution, rail t i I evel authentication, a strong visual 
feature prograrrrre, simple and reliable field verifiers, extensive forensic 
feature package and an ant i copy prograrrrre. This paper was presented i n t he 
f or m of over heads. 
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Abstract: The Ivbnt e- Car I o based Grace light scattering prograrrrre was 
evaluated as a met hod of sirailating scr at chogr arrs. Scr at chogr arrs are series 
of circular scratches on a surface which generate a three dimensional 
hologram like figure when illurrinated i n t he correct way. The Grace 
sirrulation prograrrrre described paper, as a three dimensional structure 
including rough surfaces , coating, ink and basesheet layers , and 
treated the incident light as i ndi vi si bl e wave packet s. The surface was 
spatially filtered to separate wavi ness from rri cr or oughness. The 
combination of these two effects produced the surface scattering. 
Si rail at ed scratches on a planar surface were illurrinated by a light beam 
to gi ve an obser vabl e cube ef f ect . The di r ect i onal i t y of i I I urn nat i on and 
the influence of degrees of rricro roughness and wavi ness on the 
scr at chogr am quality were evaluated. The perspective of the cube generated 
by reflected light varied in a way si rri I ar t o t he behaviour of real 
scr at chogr arrs. Image to background ratios decreased with increasing 
rri croroughness, indicating the suitability of papers with low 
rri cr or oughness in providing clear images. The Gace sirrulator was an 
effective tool for testing and optimising scr at chogr am per f or rrance. (4 fig, 
7 ref) 
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Abstract: A new serri transparent optical coating method has been 
developed, which is based on the evaporation of zinc sulphide (ZnS). The 
technique is being used for security applications and offers high 
reflectance and good unifornity. Document features are protected using an 
overlay of serri transparent dif tractive optically variable image device 
(DO/ID) holograms Serri transparent DO/ID holograms are created by 
errbossi ng a relief pattern into a base lacquer, which is then applied to 
a f I exi bl e pi ast i c subst r at e . Vacuum web coat i ng t echnol ogy i s used t o 
evaporate a highly refractive index ( HRI ) material onto the embossed 
surface A clear top lacquer is used for protection. The HRI coating 
alters the reflectivity of the DCVI D, and any attempt to t arrper wi t h it 
leads to loss of reflectivity. Ti t ani urn di oxi de and zi r coni urn di oxi de can 
also be evaporated in this way, but are more expensive. In contrast, zinc 
sulphide is cheaper, easier to use and offers good reflectance between 
35% 40% at 550nm incident wavelength. Plasma pretreatment improves the 
adhesi on of t he ZnS coat i ng. ( 8 f i g, 1 t ab) 
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Abstract: The corrpany IVfet al I i c Security Lt d i s introducing dif tractive 
opt i cal I y var i abl e i mage devi ces ( DCVI Ds) ef f ect i vel y mil t i pi i ed i nt o met al 
surfaces , under the trademark GVMet al . GVIvet al is a met al safety 
component that can have almost any shape within typical parameters from a 
few nil li metres to several cent i met r es. Cn the surface of this corrponent 
is a di f r act i onal r el i ef , whi ch i s a di r ect par t of the rret al base. Met al 
with relief protected by a special layer allows applications in 
environments in which classical foil technologies fail. The mechanical 
properties of GVIvet al are described, together with types of GVIvet al , and 
appl i cat i ons. 
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Abstract: A security hologram is described which consists of a 
substrate bearing the following layers , in order from the substrate 
upwards: a rricroprism layer , an opaque patterned metal layer , a 
surface relief hologram layer , and a serri -t ranspar ent met al layer 
The arrangement is such that the surface - relief hologram can be 
observed in normal arrbi ent i I I urri nat i on, but the patterned metal layer 
becomes visible only when viewed in a focused beam of bright light. 
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Abstract: Dai ni ppon Printing Go. Ltd, Japan, used computer graphics to 
develop a scroll work design system to prevent forgeries of stock and bond 
certificates. Simpler to operate than traditional etching devices, the 
operator controlled computer creates a design on the monitor, adding 
graduations to the pattern whi I e out put t i ng. The company investigates use 
of the system in graphic design. Toppan Printing Go. Ltd, Japan produces a 
very high security hologram by including a grating i rrage on a 
three-dimensional hologram image. The grating image surface comprises 
numerous rrinute diffraction gratings. Visible light i s r ef I ect ed i n 
many ways, diffracted, and the whole may be seen as a regular pattern. The 
many- poi nt ed diffraction lattice, difficult to make, defies forgery . 
( Short art i cl e) 
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Abstract: At Interphex in Noverrber 1990, UK Blockfoil will launch 
Secur i gr af i x, a blocking security system as di f f i cul t t o f or ge as a 
hologram , but a tenth the cost, needing neither model nor expensive 
original. Suitable for ordinary foil, the image may be easily altered, 
requiring no remake of a model. The secret is in the dye, each dye being 
handmade and destroyed after use. The lettering overlaps, having a 
lenticular effect. A two-dimensional moving image is in development. The 
system is based on the company's Lurrigrafix system using light 



diffraction to create image depth when foiling. Football tickets, credit 
cards , and alcohol, drugs and perfume cartons are targetted. (Short 
art i cl e) 
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